I. INTRODUCTION
he metal-insulator-metal (MIM) diode is a fast switching rectifier, which consists of a thin dielectric layer sandwiched between two metal electrodes, with current flowing between the electrodes depending on the bias voltage polarity and the difference in the metal work functions [1] .
The main challenge in the fabrication of a MIM diode is with the dielectric deposition; a very thin dielectric has to be used (only a few nm thick), corresponding to only a few atomic layers. This often results in a defective layer, with a large number of pin holes, short-circuiting the diode terminals and drastically reducing yield. To overcome this problem, a MIM diode in which the insulator self-assembles in a monolayer onto a metal surface has been developed [2] . The diode used an octadecyltrichlorosilane (OTS) self-assembled monolayer (SAM), which consists of carbon chains strongly packed together (pin-hole free), with an overall film thickness of approximately 2 nm.
In this work, polyimide (PI) has been used to form a 2 inch diameter, 7.5 μm thick flexible substrate upon which Ti/OTS/Pt MIM diodes, with junctions approximately 10 μm × 10 μm in area, were fabricated. Polyimide is a high molecular weight and fully aromatic material, which is formed from polyamic acid precursors dissolved in an N-methyl-2-pyrrolidone based solvent carrier.
The polyimide flexible substrate was developed by spin coating polyimide on a 2 inch diameter silicon carrier wafer at 500 rpm for 10 s, and then 2000 rpm for 30 s, resulting in a 2.5 m thick substrate. In order to be able to peel the substrate off the silicon carrier wafer without damage, the spin coating process was repeated two further times with a 5 min bake at 85 °C between each run, resulting in a total substrate thickness of 7.5 m. After the application of the final spin coated layer, the polyimide was part-cured by baking at 150 °C for 15 mins, and fully cured in a convection oven heated to 350 °C at a ramp rate of 2 °C min -1 . After the polyimide substrate had been spin coated on the carrier wafer, the MIM structures were produced using the basic process as in [3] , with the major difference being the use of OTS as the dielectric layer rather than TiO x . Following the completion of the MIM structures, the PI substrate was peeled off the carrier wafer, resulting in flexible MIM diodes. The fabricated MIM structures are suitable for applications where a large-area manufacturing process on a flexible substrate is of paramount importance, such as in large area focal-plane arrays (FPAs), as well as energy harvesting devices if the structure dimensions are optimized [4] .
II. DC AND MICROWAVE CHARACTERIZATION
DC characterization was performed on the fabricated devices using a parameter analyzer, with a bias voltage in the range ±0.2 V. The devices were found to have strong asymmetry and non-linear J-V characteristics, with a typical zero-bias curvature coefficient _ZB (a figure of merit for MIM diodes in applications such as energy harvesting, calculated using Eq. 1) of approximately 5.5 V -1 ,
which is consistent with the values reported for the same structure on a rigid glass substrate [2] , and compares favourably with those reported elsewhere [5] .
The devices were also found to have a zero-bias resistance (calculated using Eq. 2) of approximately 80 k .
(2)
The relatively low zero-bias resistance when compared with those reported elsewhere [6] 
insulator. This means that the devices are able to rectify more current, which is desirable. Over 90% device yield was achieved.
The first and second derivatives of the I-V used in Eq. 1 and 2 were obtained from the result of a 9th order polynomial fitted to the devices' raw I-V data.
A picture of the fabricated devices can be seen in Fig. 1(a) . An AFM image of one of the devices is shown in the Fig. 1(b) , with the crossover region, which have a nominal feature size of 10 μm × 10 μm denoting the diode junction. Fig. 2 shows the device curvature coefficient and resistance as a function of bias voltage.
Microwave characterization was performed on the devices using a Vector Network Analyzer (VNA). To enable the characterization, the diodes were embedded within a coplanar waveguides with a characteristic impedance of 50 , a value which matches the characteristic impedance of the VNA probes, thus minimizing unwanted reflections from the layout as well as reducing radiation losses. All measurements were performed at room temperature, and the input power compensated at different frequencies to account for the measured losses in the cables, probes and coplanar waveguides.
The rectified output voltage was measured for microwave incident power in the range 20 to 500 nW (-47 to -33 dBm), at frequencies from 1 MHz to 3 GHz. The device voltage responsivity, which is the ratio of the device rectified output voltage to the incident microwave power, was determined by a linear fit of the rectified output voltage as a function of the incident microwave power (as can be seen in Fig. 3.) , was found to have an absolute value of approximately 3.1 kV/W at a frequency of 1 GHz, which was also consistent with the values reported for the same structure on a rigid glass substrate [2] , and is comparable to state-of-the-art Schottky diode detectors [7] .
III. CONCLUSION
A high-yield, cost-effective fabrication process for MIM diodes with an OTS insulator on a flexible substrate has been demonstrated. The preliminary voltage responsivity is comparable to other state-of-the-art MIM diodes with conventional insulators. The flexible substrate enables the exploitation of ultra-fast rectifiers in applications such as large-area infrared and THz focal-plane arrays (which can be conformal to a non-flat substrate) as well as energy harvesting. The possibility of producing these MIM diodes with a roll-toroll manufacturing process is currently being investigated. Voltage responsivity = 3.1 kV/W at a 1 GHz operating frequency. 
